We present an improved atom equivalents method for converting Density Functional Theory energies calculated on molecular mechanics structures to enthalpies of formation.
Introduction
The requirements of the ever increasing development of pure and applied chemistry demands a reliable and as large as possible databank on Thermodynamic and Kinetic values, such as bond dissociation enthalpies, standard molar enthalpies of formation, energies of activation, etc. Such data are of paramount importance to the understanding of chemical problems and fruitful applications, such as energetics of the chemical bonds, structural properties and reactivity, chemical industry, biochemistry, environmental chemistry and many other equally important 1 .
Notwithstanding, there is a huge difference between the size of the experimental thermochemical databanks and the number of known molecules, and this gap increases routinely to arbitrary organic compounds.
In a recent contribution aiming to overcome the previously mentioned drawbacks,
Rousseau and Mathieu have presented new atom equivalents to convert Density
Functional Theory (DFT) energies calculated on molecular mechanics structures to formation enthalpies (∆H o f ) 2 . The central purpose of the authors was to look for practical and widely applicable methods and more efficient procedures, and their results compare well with other similar schemes based on previous atom equivalents techniques. This study could demonstrate that cost-effective approaches to molecular formation enthalpies may be developed just combining DFT with an appropriate molecular mechanics force field.
The purpose of the present work is to take a step further on the method introducing bond parameters in order to take into account explicitly the neighborhood effects. This sort of correction has shown to be a suitable way to improve similar atom equivalents methods to compute ∆H o f .
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Method
The well known idea of transferability has played a significant role in the whole area of physical chemistry. The very concepts of molecular size, molecular shape, and molecular structure are firmly settled in the modern chemistry around 200 years ago. 7 The classical theory of the chemical compound structures conceived the molecule as a set of single interacting effective atoms. This well-known concept also implies the transferability and additivity of the molecular features connected with identical atoms and bonds. The principle of transferability has often been called for to analyse a wide variety of physical chemistry properties. [8] [9] [10] [11] [12] [13] [14] Whenever a chemical bond is regarded to be independent of its location in some molecular structure, or the additivity of several parameters like bond moments, covalent radii or bond energies, is accepted, the validity somewhat large extent the number of atomic parameters in order to take into account the great diversity of such environments. Consequently, a nearly equivalent method to consider the existing atoms in a network of specific chemical bonds is to extend Eq. (2) as follows where the index k-l runs over all chemical bonds an W is a constant.
On the basis of previous results for Y k , we have determined X k-l contributions as correction terms. That is to say, resorting to the Rousseau and Mathieu´s parameters, we have computed the new X k-l bond parameters fitting them against experimental ∆H 
Results and Discussion
The training set used to derive the bond parameters together with ∆H o f calculated by Rousseau and Mathieu 2 and our present approach are given in Table 1 , while in Table 2 we display atomic and bond parameters. Evidently, the training panel comprises a quite representative set of molecules including hydrocarbons, alcohols, ketones, aldehydes, ethers, carboxylic acids, nitriles, and halogenated hydrocarbons.
The analysis of results shown in Table 1 allows one to verify the improvements of predictions of heats of formation when introducing bond parameters. In particular, rms and maximum absolute deviation are lower for the present approach.
In Table 3 we present our estimations of ∆H The analysis of results shows that bond parameters are indeed "correction terms" regarding atomic parameters (see relative magnitudes of these quantities in Table 2 ).
Since dimethylfuroxan presents an oxygen atom linked to one aza nitrogen atom through a dative bond, it cannot be handled with the MMFF force field, hence the lack of calculated value of this molecule. Once again, the insertion of corrective bond terms in Eq. (2) Table 3 show that maximum absolute deviations are similar, while our approach gives a lower root mean square deviation. Table 2 . Continued
Constant term in Eq. (3) (W) equal to -0.4453. 
Conclusions
Following a similar basic perspective as that stated in Rousseau and Mathieu´s paper 2 , we do not intend here to achieve for an extreme chemical accuracy but to look for a more efficient and simple way to estimate a fundamental thermodynamical quantity. This work aims to introduce an improvement into a recent method based on atom equivalents for converting DFT energies calculated on molecular mechanics structures to heats of formation. The improvement consists in inserting bond parameters in order to take into account the chemical environment of each atom within the molecule. This change does not introduce any further extra effort in the computational procedure so that the simplicity of the original approach 2 is kept. This sort of amelioration is not new and some previous applications have shown the convenience of inserting it within the context of similar calculation schemes [3] [4] [5] [6] . The basic idea behind the methodology is consistent with the variety of atom types involved in force field definitions and present results seem to suggest a suitable way to define the optimal combination of force field, electronic structure model, and the set of atomic equivalents and bond parameters.
Regarding some possible future improvements of the method described here, perhaps it should be advisable to define atom and bond parameters for rather more specific sets of molecules. In fact, although it seems the procedure leads to a "parameters nightmare", it should be more sensible since it is nearly impossible to attain a satisfactory enough agreement between experimental and theoretical data when the fitting set is composed of quite different molecules. It must be taken into account that this sort of methodology is a semiempirical one, where results arising from first principle methods and empirical molecular mechanics procedures are used together with arbitrary fitting equations and experimental data.
At present, research along this line is under development in our laboratory and results will be presented elsewhere in the forthcoming future.
